Twelve new sesquiterpene and sesquiterpene glycosides were obtained along with eleven known compounds from the roots of Cichorium endivia (Compositae). The compounds were identified as guaianolide, germacrenolide and elemanolide, based on spectroscopic methods and chemical evidence.
Cichorium endivia (Compositae) is indigenous to India and cultivated as a vegetable. Sesquiterpenes and their glycosides in this plant have already been reported. 1, 2) Recently, sesquiterpenes in chicory roots exhibited several biological activities. Lactucin, lactucopicrin, and 11b,13-dihydrolactucin showed analgesic and sedative activities in mice, 3) and lactucin and lactucopicrin revealed antimalarial activity. 4) Moreover, 8-deoxylactucin demonstrated the inhibitory effect to DNA binding of nuclear factor (NF)kB and cyclooxygenase (COX)-2 protein expression.
2) Accordingly, we also started a detailed investigation of the constituents of the roots of C. endivia, seeking other sesquiterpenes and sesquiterpene glycosides, in the course of our research into terpenes and terpenoic glycosides of Compositous plants.
A methanol extract from the dried roots of C. endivia was suspended in water. The suspension was extracted with diethyl ether and partitioned into an ether-soluble fraction and a water-soluble fraction. The residue of each fraction was respectively chromatographed on a silica gel column and semipreparative HPLC thereby affording compounds . The structural determination of known compounds was made based on comparisons of the NMR spectral data with data in the literature. Compounds 1-5, 8, 9, 14, 18, 19 and 20 were known sesquiterpenes and sesquiterpene glycosides, and identified as 8-deoxylactucin (1), 5) lactucin (2), 5) lactucopicrin (3), 6) jacquinelin (4), 7) crepidiaside B (5), 8) 11b,13-dihydrolactucin (8), 9) cichorioside B (9), 1) 11b,13-dihydrolactucopicin (14) , 10) sonchuside A (18), 11) cichorioside C (19) 1) and hypochoeroside A (20) . 12) Cichorioside D (6) was suggested to have the molecular formula C 27 H 38 O 13 C-NMR spectra of 6, two anomeric proton and carbon signals were observed at d 4.89, 5.49 and d 104.3, 102.6, in addition to signals due to the aglycone, and this aglycone was identified as 4, according to the similarity of the 13 C-NMR spectral data. The acid hydrolysis of 6 and the J value and/or chemical shifts of each anomeric proton signal showed that the sugar moiety consisted of b-D-glucopyranose and a-L-rhamnopyranose. 13) Comparison of the HR-FAB-MS showed the molecular formula of cichorioside E (7) to be C 27 H 38 O 14 . The 1 H-and
13
C-NMR spectra indicated that 7 was also jacquinelin 15-O-diglycoside. From the results of acid hydrolysis and the NMR spectral data, the sugar sequence of 7 was found to consist of b-D-glucopyranose and b-D-fructofuranose. 15) The
C-NMR spectral data of compound 12 were similar to those of 11, but the oxygenated methine signal was observed at d 80.6. Because this methine carbon was correlated with H-8 (d 2.40) and H-14 (d 2.67) in the HMBC experiment, this signal was assignable to C-9 of the aglycone. Additionally, the anomeric proton signal of b-D-glucopyranoside (d 4.86) showed a long-range correlation with this C-9 signal. In the NOE difference experiment, observation of an NOE between H-6 [ 1 H-detected heteronuclear multiple quantum coherency (HMQC) and HMBC), assignments of the proton and carbon signals were accomplished (see Table 1 and Experimental). Comparison of the 1 H-NMR spectroscopic data of 13 with those of 9 revealed the H-8 signal to be shifted downfield to d 4.17. In the COSY spectrum, the H-6 (d 3.62) signal revealed a correlation with the hydroxyl proton signal (d 7.02). Thus, the carbonyl carbon at C-12 was esterified at the C-8 position. In the NOE difference experiment, NOEs were observed as follows: H-5a (d 3.43) and H-7 (d 2.70), H-9a (d 2.72); H-6 and H-8, H-13 (d 1.36). Hence, H-6, H-7 and H-8 retained b, a, and b-orientations, respectively, and the C-13 methyl group was placed on the b-side of C-11. Based on the above evidence, the structure of 13 was identified as shown in Chart 1.
The molecular formula of compound 15 appeared to be C 28 80 ) and C-13. Thus, the prolyl group was linked at the C-13 position, and 15 was elucidated to be 11b,13-dihydro-13-prolyl-lactucopicrin.
HR-FAB-MS indicated the molecular formulae of both cichorioside J (16) and K (17) to be C 21 H 26 O 10 . In the 13 C-NMR spectrum of the aglycone moiety of 16, two methylene, two methine and one olefin carbon signal were observed at d 33.6, 27.6, 49.2, 48.3 and 149.6 together with an exomethylene carbon signal at d 110.8. The 2D-NMR experiment suggested that these carbons composed a cyclopentane ring system with an exomethylene. Comparison of the 13 C-NMR spectral data of 16 with those of parthoxetine 17) indicated the presence of a,b-unsaturated-g-lactone in 16. The Table 1 and . Thus, C-14 was present on the b-side of C-10, H-1 and H-5 retained b-orientations, and the sugar was linked at the C-13 position. On the basis of these results, the relative structure of 16 was determined as shown in Chart 1. The NMR spectral data of 17 were similar to those of 16. On comparison of the 13 C-NMR spectral data of 17 with those of 16, one acetal carbon signal and one oxygenated quaternary carbon signal were also found at d 110.5 and 88.3, and a hydroxymethyl carbon signal was present at d 65.2, instead of the oxygenated methylene carbon signal. These carbon signals were assigned to C-6, C-10 and C-14, respectively, based on the result of the HMBC experiment. In consideration of the molecular formula and existence of the acetal carbon at C-6 and oxygenated quaternary carbon at C-10, 17 possessed an ether linkage between the C-6 and C-10 positions. Moreover, the presence of NOEs between H-9 (d 6.82) and H-14 (d 4.05, 4.11), H-14 and H-1 (d 3.30), H-1 and H-5 (d 3.88), and H-9 and H-2 (d 1.59) suggested that C-14 was present on the aside of C-10, and H-1 and H-5 also retained b-orientations. Hence, the relative structure of 17 was identified as shown in Chart 1.
HR-FAB-MS showed the molecular formula of cichorioside L (21) to be C 26 H 40 O 13 . The 13 C-NMR spectrum of 21 was similar to that of 20, but signals due to one more sugar unit were observed, which was identified as apiose by acid hydrolysis. Acid hydrolysis of 21 also afforded 20 together with apiose, and comparison of the 24) The proton and carbon signals of 23 were assignable (see Table 1 63) suggested that H-6, H-7, and H-8 had b-, a-, and b-orientations, respectively, and the C-13 methyl group was present on the a-side of C-11. Thus, these results led us to conclude the structure of 23 shown in Chart 1.
In this investigation, twelve new sesquiterpene and sesquiterpene glycosides were obtained along with eleven known compounds. From the previous literatures, 1-4) the major and bioactive sesquiterpene constituents in the roots of this plant were considered to be guaianolides such as lactucin, 8-deoxylactucine and lactucopicrin. However, because many kinds and a large amount of guaiane-type sesquiterpene glycosides were contained in the roots, we are interested in the biological activities of these glycosides as well as guaianolides. And this is the first report on the occurrence of an elemanone-type sesquiterpene glycoside in Cichorium spp.
Experimental
General Procedure Optical rotation measurements were obtained using a JASCO DIP-1000 digital polarimeter. FAB-MS spectra were collected on a JEOL JMS-700 spectrometer in m-nitrobenzyl alcohol or glycerol, whereas both 1 H-and 13 C-NMR spectra were recorded in pyridine-d 5 solution at 35°C on a JEOL JNM A-400 (400, 100.40 MHz, respectively) spectrometer. Chemical shifts are given in the d (ppm) with tetramethylsilane (TMS) as an internal standard. UV spectra were measured with a JASCO V-630 spectrophotometer. A Hitachi G-3000 gas chromatograph was utilized for GC and JASCO 800 and 900 system instruments were employed for HPLC analyses.
Plant Material The roots of C. endivia (No. 3254M) were provided by Saladcosmo Co., Ltd. These dried materials were stored in a herbarium of the University of Shizuoka.
Extraction and Isolation The dried roots of C. endivia (3.1 kg) were extracted three times with MeOH under reflux. The extract was concentrated under reduced pressure and the residue was suspended in H 2 O. This suspension was extracted with Et 2 O. The Et 2 O extract was evaporated to dryness, and the residue (58.5 g) was then chromatographed on a silica gel column with a CHCl 3 -MeOH (98 : 2-9 : 1) system to get four fractions (A (26.4 g) Cichorioside D (6) Cichorioside E (7) 13 C-NMR: shown in Table 1 . Cichorioside G (11) 21 (overlapping, H glc -3, H glc -4), 4.02 (1H, t, 8.0, H glc -2 (1H, br t, 8.0, H glc -2), 3.94 (1H, br t, 9.0, H glc -4), 3.54 (1H, dq, 11.0 
